T he establishment of asymmetry is no simple matter for the developing organism. How asymmetric differences are generated and maintained in tissues that still must coordinate with other developing tissues to form a correctly positioned, viable body plan is a central question in developmental biology. The ability to establish and maintain asymmetry is crucial to the development of many organisms. For example, asymmetric patterning along the leftright axis directs the development and placement of asymmetric organs in humans, including the heart. Defects in such patterning can cause congenital heart defects, many of which are fatal (1) . Although the establishment of proper asymmetric patterning of the left-right axis is of critical importance, we still lack understanding of how it ultimately is achieved. In PNAS, Wan et al. (2) introduce insights concerning this complex developmental process by examining the establishment of cellular axes using intrinsic chirality.
Intrinsic Cell Chirality
The authors find that mammalian cells cultured on various micropatterned surfaces exhibit either a left or right bias in their migratory vectors upon reaching confluence. Experimentally, cells migrated along appositional boundaries in clockwise or counterclockwise directions on the micropatterned surfaces of certain tested geometries, i.e., linear strips and rings, but not on squares or circles. This directed migration allowed the development of biased cell alignments. A particularly fascinating result is that each cell line reproducibly exhibits a left or right migration bias. Most cell types (8 of 11) grown on micropatterned rings exhibit a clockwise pattern, whereas two show strong counterclockwise directionality. Interestingly, the two cell types that displayed significant counterclockwise orientation are derived from skeletal muscle, suggesting that there may be cell typespecific mechanisms that direct this chirality. Mechanistically, the authors find that microtubule-destabilizing treatments have no effect on the counterclockwise orientation bias of the two skeletal muscle lines, but actin-inhibitory drugs could reverse their migrations from a counterclockwise to a clockwise bias. At the doses tested, neither drug affects the clockwise orientation of any of the cell types. Thus, functional actin is important for establishment of counterclockwise orientation but not for the ability of the cells to produce the directional bias (2) . The authors claim these results have implications for understanding the generation of left-right patterning, but how can we link their results to the generation of laterality in the embryo? Polarity established within left-right organizers, such as the mouse node or teleost Kupffer's vesicle (KV), is key for orienting cilia thought to be important for establishing the left-right axis (3, 4) . It is possible that formation of ciliated organizers use the process of bias described by Wan et al. (2) in their luminal epithelium. Intriguingly, the authors see alignment of the centrosome and Golgi toward the boundaries of the micropatterned chambers. A similar alignment within developing organizers may provide the cue to align cilia projecting from the centriole in confluent cells into a uniform pattern across the cell sheet. For example, perhaps a combination of matrix and boundaries aids in generating the known asymmetries in both the position of cilia found in KV and the mouse node and the direction in which the cilia are tilted (3, 5, 6) . These two asymmetries are thought to be vital for generation of leftward fluid flow and, consequently, left-sided nodal, a TGF-β-signaling ligand that grants consistent "left-sidedness" during development (7) .
Patterning on the Left-Right Axis
Before the discovery of a left-sided gene, Brown and Wolpert (8) put forth their hypotheses for how asymmetry would be generated based on work in the iv mutant mouse model which displayed randomized left-right patterning instead of loss of asymmetry. They proposed a plan for bilateral animals to establish asymmetry in three major but separable processes: (i) conversion of a molecular signal to directional information on the cellular level, (ii) random generation of asymmetry, and (iii) interpretation of asymmetry at the multicellular level for proper tissue and organ development. It is intriguing to speculate that Wan et al. may have found a mechanism in their bordersensing model to support the first hypothesis of Brown and Wolpert: conversion of a molecular signal into directional information. However, whether the behavior of cells grown on micropatterns will provide real insight into left-right patterning in multicellular organisms will require additional studies.
Future Directions
This study leaves the field with a number of questions to be answered. For example, do muscle cells orient differently from other cell types because of increased actin content? Is this potential left-right switch binary, or can it function to cause a gradual change in orientation? A switchable mechanism in cells that respond to Nodal signaling already is observed in embryos. They can develop viably with normal organ placement and architecture (situs solitus) or with completely reversed organs (situs inversus), indicating that cells on both sides of the lateral plate mesoderm can become either left-fated or rightfated. Is intrinsic cell chirality involved in how cells respond to asymmetrically generated signals? Behind each question
